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calculating the ratio of artificial light and natural-light. A 
correction range for performing the WBC is obtained based 
on the ratio of artificial-light and natural-light computed by 
the artificial-light detection section, and the WBC is per 
formed when the 2-color difference signals are within the 
correction range. 
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CAMERA CAPABLE OF WHITE BALANCE 
CORRECTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Application 
No. 2001-182012, filed Jun. 15, 2001, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to color balance, 
more particularly, white balance in a digital camera (elec 
tronic camera). 
0004 2. Description of Related Art 
0005. As for the prior art concerning white balance, a 
method of white balance has been proposed in Jpn. Pat. 
Appln. KOKAI Publication No. 5-7369. Conventionally, for 
a Video camera or Still camera, the control processing of 
white balance has been performed assuming that an “ach 
romatic color (for example, gray) can be obtained by aver 
aging the whole image'. However, a problem occurs that the 
color reproducibility of an object illuminated with a fluo 
rescent lamp can not be improved totally by Such processing. 
The following solutions have been proposed to solve this 
problem. Namely, it is determined whether a camera is 
located outdoors or indoors, according to a brightness higher 
or lower that a predetermined brightness (Y), and if it is 
indoors, the kind of light Source is identified according to a 
value of a white balance control signal (R CONT, B CONT) 
that would make a value of a color-difference Signal (R-Y, 
B-Y) equal to a reference value. Then, the color reproduc 
ibility is improved through modification of magnification of 
a primary red Signal R and a primary blue signal B, by 
limiting the magnification of these primary red Signal R and 
primary blue Signal B, according to the identified kind of 
light Source. Therefore, the countermeasure as mentioned 
above permits preventing inconveniences due to excessive 
correction, for example, discoloration of the background, or 
excessive correction of colors of the main object. 
0006 Moreover, there is a white balance control method 
as taught in Jpn. Pat. Appln. KOKAI Publication No. 
9-90459. Here is proposed to discriminate artificial light/ 
natural light based on the balance of Visible light photomet 
ric value and infrared light photometric value (in short, ratio 
of visible light component and infrared light) and to emit 
light from an electric flash device according to the ratio of 
the visible light component and infrared light, as processing 
for correction (mixed light correction) of color balance on a 
photographic print due to the color mixture by a fluorescent 
lamp or electric lamp. 
0007. It has been possible to correct the color balance, 
and improve Somewhat the color reproducibility by using 
Such prior art. 
0008. However, in said Jpn. Pat. Appln. KOKAI Publi 
cation No. 5-7369, though the kind of light source is 
determined according to the value of the white balance 
control signals R CONT and B CONT that would make the 
value of the color-difference signals R-Y and B-Y equal to 
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a reference value, after all, it is determined by the ratio of 
values of R, B and Y, the kind of light source might be 
determined inaccurately and the correction becomes insuf 
ficient or excessive according to the actual color of the 
object. 

0009. On the other hand, in said Jpn. Pat. Appln. KOKAI 
Publication No. 9-90459, though the kind of light source is 
determined based on the visible light photometric value and 
the infrared light photometric value, the color is simply 
improved by emitting light from an electric flash device 
when the light Source is determined to be artificial, and there 
is no reference to the digital color Signals R, G and B. 
Besides, in case of this conventional example, as a result of 
determination of the light Source kind, there is nothing but 
a Straight choice between emitting/non-emitting the electric 
flash device, and there is no other option than emitting/non 
emitting even in the case of a slight color mixture as, for 
example, by a window under a fluorescent lamp, and a 
further fine correction appropriate for Such a situation is 
impossible. Therefore, a camera that can correct “color 
mixture' even at a window Side under an artificial light 
Source is required. 
0010. It is an object of the present invention to provide a 
camera, Such as a digital camera, capable of white balance 
correction that would correct the color mixture of an artifi 
cial light from a light Source, in the case where the light 
Source is determined to be artificial based on a visible light 
photometric value and an infrared light photometric value. 

BRIEF SUMMARY OF THE INVENTION 

0011. In order to solve the problems and achieve the 
object, the present invention takes the following measures 
(improvements). Namely, according to a first aspect, there is 
proposed a camera capable of white balance correction 
comprising: an image pickup optical System; an image 
Sensor for receiving light from an object through the image 
pickup optical System; a three-primary-color detection Sec 
tion for detecting three-primary-color Signals based on the 
output of the image Sensor; a matrix processing Section for 
calculating two color difference Signals from the three 
primary-color Signals, a visible light brightness detection 
Section for detecting visible light brightness by the output 
from the three-primary-color detection Section or by a 
photometric Section having as an automatic camera; an 
infrared light detection Section for detecting the luminosity 
of infrared light; and an artificial light detection Section for 
calculating the ratio of artificial light and natural light from 
the output of the visible light brightness detection Section 
and the output of the infrared light detection Section, 
wherein a correction range for performing the white balance 
correction is determined based on the ratio of artificial light 
and natural light computed by the artificial light detection 
Section, and the white balance correction is performed when 
the two color difference Signals are within the correction 
range. 

0012. Then, there is proposed a camera capable of white 
balance correction according to the first aspect further 
comprising: a determining Section for determining the kind 
of artificial light source from the two color difference 
Signals, and a correspondence Section for calculating a 
correction limit value to make correspondence based on the 
determination result of the kind of artificial light Source, 
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wherein the quantity of white balance correction of the two 
color difference Signals is limited by the correction limit 
value. 

0013 In addition, there is proposed a camera capable of 
white balance correction according to the first aspect, 
wherein the infrared light detection Section can also be used 
as a remote control light detection Section for detecting a 
light emitted from a remote controller for remote-controlling 
the camera. 

0.014. Additional objects and advantages of the invention 
will be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0.015 The accompanying drawings, which are incorpo 
rated in and constitute a part of the Specification, illustrate 
embodiment of the invention, and together with the general 
description given above and the detailed description of the 
embodiment given below, Serve to explain the principles of 
the invention. 

0016 FIG. 1 is a schematic configuration diagram of a 
camera capable of white balance correction of an embodi 
ment of the present invention; 
0017 FIG. 2 is a detailed circuit block diagram of the 
configuration of the camera illustrated in FIG. 1; 
0.018 FIG. 3 is an illustrative diagram showing a mecha 
nism for photometry and rangefinding of an object by this 
Camera, 

0019 FIG. 4A to FIG. 4F are graphs showing wave 
length distributions of new and old fluorescent lamps, FIG. 
4A, FIG. 4C and FIG. 4E being graphics showing the 
wavelength distribution characteristics of recent three wave 
length type fluorescent lamps, and FIG. 4B, FIG. 4D and 
FIG. 4F graphics showing the wavelength distribution char 
acteristics of conventional three wavelength type fluorescent 
lamps, 

0020 FIG. 5A and FIG. 5B indicate the spectral sensi 
tivity of a CCD camera, 
0021 FIG. 5A being a graph showing the spectral sen 
sitivity of an ordinary CCD camera (sensitivity of CCD) and 
FIG. 5B a graphic showing the spectral sensitivity of a 
recent quadrisection pixel (RGB sensor) ; 
0022 FIG. 6A to FIG. 6C show the comparison of white 
balance of the prior art and the present invention for different 
photographing situation, FIG. 6A and FIG. 6B being a 
graphic showing a method of white balance of the prior art 
and FIG. 6C a graphic showing a method of white balance 
of this embodiment; 
0023 FIG. 7 is a graph showing the control value range 
concerning the limit of correction in the prior art (Jpn. Pat. 
Appln. KOKAI Publication No. 5-7369); 
0024 FIG. 8 is a graph showing the control value range 
concerning the limit of correction in this embodiment; 
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0025 FIG. 9 is a flowchart representing the operation 
control procedures of the camera of this embodiment; 
0026 FIG. 10 is a flowchart representing procedures of 
a routine “artificial light determination', 
0027 FIG. 11 is an illustrative drawing showing deter 
mination criteria for determining the likeliness of Visible 
light, infrared light and artificial light Source; 
0028 FIG. 12A to FIG. 12D show relationships between 
the wavelength component (color component) of natural 
light (Sunlight) and artificial light (fluorescent lamp, electric 
lamp) and the photosensitivity of a man and various Sensors, 
0029 FIG. 12A being a graphic showing outputs of 
Sunlight, a fluorescent lamp and an electric lamp, human 
view sensitivity and the spectral sensitivity of a visible light 
Sensor and an infrared Sensor; 
0030 FIG. 12B a graphic showing the spectral sensitiv 
ity ratio of a visible light Sensor and an infrared Sensor under 
a fluorescent lamp, FIG. 12C a graphic showing the Spectral 
Sensitivity ratio of a visible light Sensor and an infrared 
sensor under Sunlight, and FIG. 12D a graphic showing the 
Spectral Sensitivity ratio of a visible light Sensor and an 
infrared Sensor under an electric lamp; 
0031 FIG. 13 is a flowchart showing partially control 
procedures for determining in a fuZZy inference manner as 
variant of FIG. 9; 

0032 FIG. 14 is a graph representing criteria for calcu 
lating the “artificial light Source likeliness” Kred; 
0033 FIG. 15 is a graph representing the kind of artificial 
light source, and the relationship of control values B CONT, 
R CONT for correction for each kind of light source; and 
0034 FIG. 16A and FIG. 16B represent correction cri 
teria for the case of a daylight color type fluorescent lamp, 
FIG. 16A being a graph showing the relationship between 
the daylight color type degree and a correction limit coef 
ficient of control values B cont, R cont, and FIG. 16B an 
illustrative diagram showing the correction limitation during 
an object photographing applying the limit coefficient. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0035). Now, the present invention will be described in 
detail citing Specific embodiments hereinafter. 
0036. It will be described taking an example of a camera 
as one embodiment according to the present invention, 
based on FIG. 1 to FIG. 12D. 

0037 FIG. 1 shows a schematic configuration of a cam 
era capable of white balance correction of the present 
invention. Except for an image pickup optical System and a 
control Section (not shown), this camera is composed of the 
following components. Namely, it comprises an image Sen 
Sor 3 for picking up an image through the image pickup 
optical system, and an RGB detection section (4, 5, 6) for 
detecting R, G, and B Signals of three primary colors from 
this image Sensor 3. Moreover, the camera further com 
prises: a matrix processing Section 8 for calculating one 
brightness Signal Y and two color difference Signals R-Y and 
B-Y from the R, G, and B signals; a visible light photometric 
Section 17 Serving as a visible light brightness detection 
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section for detecting the output from the RGB detection 
Section, or the visible light brightness by one of a plurality 
of photometric sections (16, 17) provided ordinarily in a 
camera; an infrared light photometric Section 16 Serving as 
means of infrared detection for detecting the luminosity of 
infrared light; and an artificial light detection Section 34 for 
calculating the ratio of artificial light and natural light, as 
measure representing the “artificial light Source likeliness” 
from the output of the visible light brightness detection 
Section and the output from the infrared light photometric 
Section 16. 

0.038. This camera is an electronic camera capable of 
white balance correction, configured to determine a correc 
tion range for correcting the white balance in the ratio of 
artificial light and natural light thereof, based on a method 
described in detail hereinafter, and to perform predetermined 
white balance correction when two kinds of color difference 
Signals (R-Y, B-Y) are in the correction range. 
0039. In the camera capable of white balance correction 
of the configuration as mentioned above, it is configured to 
perform the following processing. In Short, for example, the 
output of the image sensor 3 comprising CCD or C-MOS 
Sensor is input respectively in the RGB detection Section (4, 
5, 6), and R (Red), G (Green), and B (Blue) signals corre 
sponding to three primary colors are outputs. The R, G, and 
B signals are corrected by the white balance processing 
Section 7, and color Signals R', G', and B' Signals after 
correction enter the matrix processing Section 8. Then, a Y 
Signal which is a light intensity signal, and two color Signals 
(R-Y) and (B-Y) based on the same, are determined by the 
matrix processing Section 8 based on the color Signals R', G', 
and B' Signals. 
0040. The artificial light detection section 34 is for deter 
mining according to procedures mentioned in detail herein 
after whether the photographing environment is under arti 
ficial light Such as fluorescent lamp, for example, or under 
Sunlight (natural light), on the basis of the output of the 
visible light photometric section 17 composed of a well 
known image Sensor or other photometric device, the output 
of the infrared light photometric Section 16 for measuring 
the lightness of infrared light, and the output of a rangefinder 
Section 15. 

0041. Then, a correction range of white balance for 
obtaining color signals (R-Y)/Y and (B-Y)Y based on the 
output of this artificial light detection Section 34, and outputs 
Y, (R-Y) and (B-Y) of the matrix processing section 8, a 
correction range for white balance and a correction limit 
value are calculated in a correction limit calculation Section 
7a. Then, Such a configuration is employed that an optimal 
white balance correction is executed, through the feedback 
of the correction range and correction limit value concerning 
this correction to the aforementioned white balance proceSS 
ing Section 7. 
0042. In short, in this camera, the brightness of visible 
light is detected by the visible light brightness detection 
section 17, while the lightness of infrared light is detected by 
the infrared light photometric section 16. Then, as the kind 
of light Source can be determined based on the ratio of 
artificial light and natural light calculated by the artificial 
light detection Section 34 based on these outputs, the cor 
rection range for white balance correction can be determined 
based on this ratio. 
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0043. Thus, in this embodiment, as a determination is 
made about the light Source is artificial light or not on the 
basis of the brightness of visible light and infrared light 
lightness but not the tint (mixed color of pure color and 
achromatic color), there will be no more inaccurate deter 
mination for a Subtle tint of an object. AS much, it can be 
determined to be a fluorescent lamp or electric lamp or the 
like with a higher probability, allowing Setting of a larger 
range for performing the white balance correction (in Short, 
correction range for white balance) of that moment. 
0044 Besides, as the correction limit value is calculated 
based on the output from the artificial light detection Section 
34 and the color signals (R-Y)/Y and (B-Y)/Y, the higher is 
the "fluorescent lamp likeliness', the lager becomes the 
correction, and if it is not likely to be a fluorescent lamp, it 
is less corrected, the white balance can be performed more 
Securely as necessary. 

004.5 FIG. 2 shows the configuration of the camera 
illustrated in FIG. 1 with a further detailed circuit block 
diagram. In short, the camera illustrated as this embodiment 
has components as shown. In short, an image pickup optical 
System comprising a lens 1 and a ND filter 2, and an image 
sensor 3 made of a CCD or the like receiving light reflected 
from an object through this image pickup optical System are 
provided in a prior Stage of this System. Following this prior 
State, an RGB detection Section made of a deficient pixel 
correction Section 4, a gain control Section 5 and a gamma 
correction Section 6, for detecting R, G, and B signals 
corresponding to three primary colors from the image Sensor 
3, a matrix processing Section 8 for calculating brightness 
signals Y, color difference signals R-Y and B-Y from the R, 
G, and B Signals, and an image display Section 9 for image 
display are provided in a latter Stage. 

0046) The lens 1 is controlled by a lens control section 
31, the ND filter 2 is controlled by an ND filter driving 
circuit 32, the CCD of the image sensor 3 is controllably 
connected by a CCD driving circuit 33, and a CPU 10 
Serving as a control Section for Supervising and controlling 
whole the camera controllably connect the components 4 to 
8 and 31 to 33 as illustrated. Then, in this camera, Such a 
configuration is employed that predetermined white balance 
correction is performed when the color difference signals 
R-Y and B-Y are within the correction range and a picture 
image to which appropriate white balance is performed is 
obtained, according to the control of the CPU 10. 
0047 FIG. 3 shows a mechanism for photometry and 
rangefinding of an object performed by the camera of this 
embodiment illustratively. This camera is an AF camera that 
can be operated at distance through a remote control appa 
ratus (not shown). 
0048. In the body of this camera 11, for photometry and 
rangefinding of an object 19, in addition to a camera CCD, 
a visible light photometric Sensor as Visible light photomet 
ric Section 17, an infra red light photometric Sensor (remote 
control sensor) as infrared light photometric Section 18, and 
various lenses for AF and AF optical System are disposed. 
0049. A median line 20 for photometry by visible light 
and a photometry range 20a thereof, and a median line 21 for 
photometry by infrared light and a photometry range 21a 
thereof are set so that the object can be included sufficiently 
as illustrated. The infrared light reception range for a remote 
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control Sensor is also set Supposing that it is operated at 
distance mainly forward including the object. 
0050 Here, the characteristics of the aforementioned 
artificial light (for example, a fluorescent lamp) will be 
described briefly. 
0051 FIG.4A to FIG. 4F show wavelength distributions 
of new and old fluorescent lamps in a comparison manner, 
and as graphs shown respectively in FIG. 4B, FIG. 4D and 
FIG. 4F, in case of any type of fluorescent lamp among 
conventional type fluorescent lamps (daylight color normal 
type, day white color normal type, white color normal type), 
they have been manufactured with a Setting Such that the eye 
perceives lightness equal or more than the illuminance, by 
increasing the light quantity near 560 nm where the human 
eye luminosity is high, by Setting So that it would become a 
peak. Recently, as shown respectively in FIG. 4A, FIG. 4C 
and FIG. 4E, three wavelength type fluorescent lamps 
(daylight color three wavelength type, day white color three 
wavelength type, white color three wavelength type) of the 
characteristics three peaks of 452 nm, 543 nm and 611 nm 
are provided, and an improvement has been made So that the 
eye perceives lightness equal or more than the illuminance, 
by increasing relatively the illuminance in the vicinity of the 
peak of Sensitivity of three kinds of cone (for example, L 
cone, M cone, S cone) that are human eye light receptor 
cells. 

0.052 Ordinarily, the human eye is provided with an 
effect (chromatic adaptation) for adjusting the Sensitivity of 
cones So as to maintain a view of colors under the daylight, 
when we stay under various light Source for a certain time. 
Consequently, we Seldom feel that Something is different, 
even when a light Source is “greenish under a fluorescent 
lamp. 
0053) On the other hand, for an image sensor such as 
CCD, nothing like as chromatic adaptation takes place, 
colors according to the kind of light Source are measured as 
they are. 
0.054 For example, depending on the kind of fluorescent 
lamp, in general, colors become greenish with a fluorescent 
lamp. When a human face becomes greenish: therefore, 
portrait photography requires correction particularly. 
0.055 Consequently, a camera served for object photo 
graphing under Such a fluorescent lamp needs to be provided 
with a Sensor having a Sensitivity appropriate for the char 
acteristics as illumination light. For example, the Spectral 
sensitivity of an ordinary CCD camera (in short, CCD 
Sensitivity) has been of a level where the Sensitivity (namely, 
relative output) for three primary colors (R,G,B) as shown 
in FIG. 5A is substantially equal. However, some of spectral 
Sensitivities of resent quadrisection pixel (namely, RGB 
Sensor), area ratio of respective Sensors for R, for G and for 
B being 1:2:1, are provided with a sensitivity similar to the 
characteristics of three wavelength type fluorescent lamp 
forming three chevrons likely to be sensitive to G (green). In 
this embodiment also, this Sensor is applied. 
0056 Furthermore, the comparison of white balance of 
the prior art and the present invention, for different photo 
graphing situations and objects, are shown in FIG. 6A to 
FIG. 6C. 

0057. In case of obtaining brightness signal Y, color 
difference signal color signals B-Y and R-Y from three 
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primary colors R, G, and B, outputs of a CCD, if color 
Signals of R, G, and B are based on the photoelectric 
conversion characteristics defined in “CCIR Recommenda 
tion 709 (ITU-R Recommendation BT.709)", they can be 
determined by the following expression: 

Y=0.229R-0.587G--0.114B 

0058. The ratio of sensitivity of cones having sensitivity 
of R, G, and B being 0.299:0.587:0.886, Y is the total of 
Sensitivity of three cones (refer to the aforementioned 
respective expressions), and represents a brightness signal 
which is light intensity felt by the eye. 
0059. As three primary colors R, G, and B are equal for 
an achromatic color (gray), assuming R=G=B=p, 

0.114p=0 

0060 thereby making color differences B-Y and R-Y 
Zero (0) for the achromatic color. 
0061 A conventional method for performing the white 
balance assuming that an “achromatic color (gray) can be 
obtained by averaging the whole image” as shown in FIG. 
6A. 

0062 On the contrary, the correction is rather harmful 
except when B-Y and R-Y are in the achromatic color 
vicinity (vicinity represented by an circle in the drawing), 
because there is every possibility that the object itself has 
colors. However, as there is every possibility of discrepancy 
by the color at the light Source in the achromatic color 
vicinity (in the area of the circle), correction is applied to B 
and R so that B-Y and R-Y become 0 (zero) respectively. 
0063. In addition, FIG. 6B shows a method taught in Jpn. 
Pat. Appln. KOKAI Publication No. 5-7369 as an example 
of the prior art. Here, it is determined whether the obtained 
brightness is high brightness or low brightness and the 
photographing environment is outdoors or indoors (in the 
room) and the correction quantity is limited respectively. 
0064. In contrast of these prior arts, FIG. 6C shows a 
method of white balance to be adopted for this embodiment. 
In short, the “artificial light likeliness” is determined accord 
ing to the infrared and Visible light brightness, and object 
distance, and the range itself for determination of achromatic 
color is changed according to the “artificial light likeliness'. 
To be more Specific, 

0065 c-1) When it is determined outdoor (visible 
lightsinfrared light), the circle represented by a pie chart is 
shown relatively Small, as the degree of color mixture at the 
light Source is Small. 
0066 c-2) At the window side under an artificial light 
Source (visible light>infrared light), it is represented by a 
circle larger than the outdoor. 
0067 c-3) Under the artificial light source (visible 
light>>infrared light), the range is made large, as the degree 
of color mixture by the fluorescent lamp or electric lamp is 
large. Nonetheless, it is unnecessary to make it circular, but 
the range thereof is enlarged as necessary So as to include the 
object under the artificial light Source. 
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0068. As the fluorescent lamp is determined according to 
the ratio of visible light and infrared light, the color of the 
object does not cause error of determination, and the reli 
ability of determination is high, allowing to optimize 
Securely the achromatic color range according to the “arti 
ficial light Source likeliness'. 

0069. For example, in case of photographing full-blown 
cherry blossoms, the method of FIG. 6A corrects to an 
achromatic color and the correction is excessive, while the 
method of FIG. 6B controls the correction quantity by a 
limit, but unnecessary correction might be applied. On the 
other hand, the method of FIG. 6A of the present invention 
does not apply an unnecessary correction as the range is 
narrow outdoors. 

0070 For example, the correction is not applied to a 
rather dark magenta wall in the methods of FIG. 6A and 
FIG. 6B, but the correction is performed moderately in the 
method of FIG. 6G. 

0071 FIG. 7 shows a control value range concerning the 
limit of correction in the prior art (Jpn. Pat. Appln. KOKAI 
Publication No. 5-7369). In short, the correction is con 
trolled to Such a range (Solid line) corresponding to all kinds 
of fluorescent lamp. R CONT as a control value is a 
coefficient to multiply the R signal to make it achromatic, 
while B CONT is a coefficient to multiply the B signal to 
make it achromatic. 

0.072 It should be appreciated that, in the Z range Sur 
rounded by a broken line, the correction quantity is large to 
prevent lack of correction, as there is no determination of 
outdoors or indoors, and a correction limit is applied uni 
formly. This corresponds to the object shown in FIG. 6A. 

0073. On the other hand, X indoor mode and Y outdoor 
mode are respectively modes for changing the limit range of 
correction according to outdoors or indoors and correspond 
to FIG. 6B. 

0.074 FIG. 8 shows the control value range concerning 
the limit of correction in this embodiment. The range of 
control values R CONT and B CONT are not continuous as 
mentioned above. In short, the range C. is a limit range of 
correction for outdoors and corresponds to c-1) of FIG. 6. 
The range B is a limit range of correction for window Side 
under the artificial light Source and corresponds to c-2) of 
FIG. 6. The range Y is a limit range of correction under the 
artificial light source and corresponds to c-3) of FIG. 6. 
0075. It should be appreciated that this embodiment 
divides into three ways with the artificial light source 
likeliness, but further more case divisions may be per 
formed. However, as light of the electric lamp rather creates 
an ambiance with a "reddish color, it will not be corrected 
in the present invention. 

0.076 Now, the operation control of the camera of this 
embodiment will be described in FIG. 9 and FIG. 10. First, 
the flowchart shown in FIG. 9 shows about the actions from 
the release operation. First, the driving of the CCD 3 is 
Started (S1), the distance is measured by the rang finder 
Section 15, and the obtained distance is brought into focus 
(S2). Thereafter, a photometry concerning both of visible 
light and infrared is performed respectively in each photom 
etry section 16, 17 (S3). 
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0077. In step S4, a picture image (R,G,B signals) of an 
object is captured by the CCD 3 (S4). 
0078. In the matrix processing section 8, brightness sig 
nal (Y), color difference signals (R-Y, B-Y) are calculated 
form these R, G, and B signals (S5). 
0079. In step S6, it is determined whether or not the 
brightness signal (Y) is a value within a predetermined value 
(visible light brightness of 2 or more), and in the case of no, 
the sensitivity is increased if it is dark (S7), it returns to the 
aforementioned Step S4, and the image is captured again. 

0080. In case of within the predetermined range, in a step 
S8, (kind) determination of artificial light (fluorescent lamp 
or the like) is made by calling a sub-routine (S8) and, 
particularly in determination of fluorescent lamp or not (S9), 
in the case of no, it is determined, for example, whether or 
not a window Side under the fluorescent lamp including 
natural light (S10), and in the case of no, it shifts to step 13. 
0081. It should be appreciated that a correction range for 
correcting the white balance based on the ratio of artificial 
light and natural light is required to be established (set). 
There, if it is under the fluorescent lamp and by the window, 
values for the time when it is under the fluorescent lamp and, 
at the same time, by the window are Set respectively as 
correction range and correction limit (S11, S12), before 
shifting to step S17. 

0082 If it is not the window side, it is determined to be 
outdoors, and values for the time of outdoors are Set respec 
tively for correction range and correction limit (S13, S14) 
and it shift to step S17. 

0083. In the aforementioned step S9, if it is determined to 
be under the fluorescence, values for the time under the 
fluorescent lamp are Set respectively for correction range 
and correction limit (S15, S16). Then, in the step S17, it is 
determined whether or not it is within the set correction 
range (S17), it shifts to step S22 in the case of no, but it shifts 
to Step S18 in case of within the range, and the correction 
quantity of white balance is calculated (S18). It is deter 
mined whether or not this correction quantity is within the 
correction limit (S19), and in the case of no, the correction 
limit is set to that correction quantity (S20), before perform 
ing the predetermined white balance correction (S21). 
0084. From the step S22, R, G, B image data is stored 
(S22), the image date compression and storage are per 
formed (S23), image display is performed (S24) and it 
returns to a predetermined camera Sequence routine (not 
shown). 
0085. Further, FIG. 10 shows a flowchart of a routine 
“artificial light (fluorescent lamp) determination” called in 
the step S8 of FIG. 9 mentioned above. 

0086). If the rangefinding result is farer than 10 m, it is 
determined to be outside (S30), if the brightness is not BV2 
to BV8, it is determined to be outside (S31), it shifts to a step 
S39, and an a representing being outdoors is set (S39) before 
return. 

0087 Here, as the brightness is the one corresponding to 
the human luminosity, it can not be Said precise to qualify 
the lightness of infrared light as “brightness”. However, 
lightness of infrared light corresponding to the Sensitivity of 
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an infrared light Sensor is represented here as “infrared 
brightness (brightness of infrared ray). 
0088. It is assumed to be outdoor if the brightness dif 
ference is OEV or more and 2EV or less, and it is determined 
to be under the fluorescent lamp if more than 4EV, but it can 
be determined to be indoor window side under the fluores 
cent lamp between them (2EV to 4EV). 
0089. If the result of determination of the aforementioned 
step S31 is under the fluorescent lamp, the brightness 
difference (visible light brightness infrared-brightness) is 
calculated (S32). 
0090. In step S33, it is decided whether or not the 
brightness difference is more than 4EV (S33), and it is 
determined to be under the fluorescent lamp if it is more than 
4EV (S35a). On the other hand, in the case of no, it is further 
decided whether or not the brightness difference is -0.5EV 
(S34), and it is determined to be under an electric lamp if it 
is more than -0.5EV (S35b). Then, as under the fluorescent 
lamp and under the electric lamp are under the artificial light 
Source, a Y representing the same is set (S38a) before return. 
0091. On the other hand, in case where the decision result 
of the aforementioned step S34 is negative, in step S36, it is 
decided whether or not the brightness difference is more than 
2EV and 4EV or less (S36), it is determined to be window 
Side under the artificial light Source if it is the case and it 
shifts to step S38b. However, in the case of no, it is further 
decided whether or not it is more than -0.5EV and OEV or 
less (S37), and if it is the case, a frepresenting that it is 
under the artificial light source is set in the step S38b (S38B) 
before return. 

0092. Otherwise (other than under the fluorescent lamp), 
it shifts to the aforementioned step S39, before return. 
0093. Here in detail, FIG. 11 shows a determination 
criteria for determining the likeliness of visible light, infra 
red light and artificial light source. The visible light bright 
ness (EV) is taken on the graph horizontal axis, and the 
infrared brightness on the vertical axis, respectively. 
0094. A case where the visible light brightness is 2EV or 
more is an essential condition allowing the determination, if 
it is 2EV or less, as it is dark, the electric flashing light has 
a tint Substantial equal to the Sun, making the color correc 
tion unnecessary. 

0.095 Satisfying the essential condition, in the ratio of 
visible light and infrared light, the natural light (Sunlight) 
has visible light and infrared light in a range (outlined area 
in the drawing) as shown by “outdoors” in the graph. Upper 
and lower two B areas at both sides of this outdoor area 
correspond respectively to the window Side under the fluo 
rescent lamp or under the electric lamp. Besides, the Y area 
can be determined to be under the artificial light (particularly 
under the electric lamp) for more infrared light, and it can be 
determined to be under the fluorescent lamp for more visible 
light. Thus, the determination is made considering the vis 
ible light brightness and the infrared brightness globally. 

0096 FIG. 12A to FIG. 12D show relationships between 
the wavelength (color) component of natural light (Sunlight) 
and artificial light (fluorescent lamp or electric lamp) and the 
photosensitivity of a man and various sensors. In FIG. 12A, 
the graph curve “a” shows output of Sunlight, graph curve 
“b” Substantial output of fluorescent lamp, graph “c” output 
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of electric lamp, graph “d' human view Sensitivity and 
Spectral Sensitivity of a visible light Sensor and graph “e' 
Spectral Sensitivity of infrared Sensor, respectively. 
0097. For the purpose of determination of the kind of 
light source, the difference about the sensitivity of visible 
light Sensor and infrared light Sensor for each kind of 
illumination light. For this sake, for example, it is necessary 
to decide the Spectral Sensitivity ratio of the concerned 
sensor. There, graphs in FIG. 12B, FIG. 12C and FIG. 12D 
show the Spectral Sensitivity ratio of visible light Sensor and 
infrared Sensor under the fluorescent lamp, under the Sun 
light, and under the electric lamp, respectively. 
0098. According to FIG. 12B, respective sensor outputs 
are calculated by multiplying the output of fluorescent lamp 
with the spectral sensitivity of visible light sensor and 
infrared Sensor. 

0099. When output of visible light sensor:output of infra 
red sensor=100:1 or less 

0100 if it is represented as brightness=Log (sensor 
output) 

0101 visible light brightness: infrared brightness= 
Log (100):0. Namely, 100:1, and this sensor output 
hardly includes infrared light. 

0102) According to FIG. 12C, respective sensor outputs 
are calculated by multiplying the output of Sunlight with the 
Spectral Sensitivity of Visible light Sensor and infrared Sen 
SO. 

0103) When output of visible light sensor:output of infra 
red sensor=100:21, 

0104 assuming the brightness=Log (Sensor out 
put), similarly as mentioned above, 

0105 visible light brightness:infrared brightness= 
Log (100):Log (21), namely, 100:21. 

0106 Similarly, according to FIG. 12D, respective sen 
Sor outputs are calculated by multiplying the output of an 
incandescent lamp with the Spectral Sensitivity of Visible 
light sensor and infrared sensor. In short, it is 100:160. 
0107 This permits the determination of fluorescent lamp, 
Sunlight and electric lamp by the brightness difference of 
visible light brightness and infrared brightness. It should be 
appreciated that it is necessary to consider the reflectance of 
the object, and the accuracy can further be improved by 
deciding the threshold based on the reflectance for each 
wavelength of an ordinary object (face, clothing, or the like). 
0.108 Thus, according to the embodiment, as the correc 
tion State is changed by the artificial light Source (fluorescent 
lamp) likeliness determined by the visible light and the 
infrared light, a correction Smoother than the correction by 
a simple determination of the kind of fluorescent lamp only 
with R, G, and B Signals as in the prior art becomes possible. 
0109. In short, as the reliability of determination is high, 
the achromatic color range can be optimized Securely 
according to the “artificial light Source likeliness (degree of 
occupation of artificial light). Consequently, color mixtures 
can be corrected properly even at the window Side under the 
artificial light or others, allowing realization of a camera 
excellent in color rendering. In Short, if a light Source can be 
determined to be an artificial light Source based on the 
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Visible light photometric value and infrared photometric 
value, a digital camera capable of white balance that would 
correct optimally the color mixture of that artificial light can 
be provided. 

0110 (Modification) 
0111 Next, modifications according to the embodiment 
will be described along with FIG. 13 to FIG. 16B. For 
instance, in this embodiment, a modification is exerted So as 
to perform the determination minutely in a So-called “fuzzy 
inference' manner, in the determination processing of the 
light Source type mentioned above. 
0112 Therefore, the step portions corresponding to the 
“*” mark in the flowchart in FIG. 9 of the embodiment 
mentioned above are Substituted with the following proceSS 
ing steps S40 to S63 as shown in FIG. 13. In V short, the 
fluorescent lamp likeliness (Kred) is computed (S40) and, 
moreover, the value of control values R CONT and B CONT 
are calculated respectively (S41). At this moment, correction 
quantities B CONT and R CONT that make the color 
differences B-Y and R-Y 0 are computed. 
0113 As there are different types for the fluorescent 
lamp, decision processing is performed concerning respec 
tive types. For example, from Step S42, white color normal 
type or not is decided (S42), and in the case of no, day white 
color or not is decided in step S43 (S43), and in the case of 
no, daylight color type or not is decided in step S44 (S44). 
In the case of no, it returns. 
0114. Then, after the aforementioned respective decision, 
corresponding respective "... likeliness' are computed as a 
K red value (K1, K2, K3) (S45, S50, S60), and each “. . . 
degree” is computed with Kred XK1, xK2, and xK3 (S46, 
S51, S61). 
0115 Furthermore, correction limit coefficients (Kr, Kb) 
is computed (S47, S52, S62). 
0116 Besides, the correction limit coefficients (Kr, Kb) 
are multiplied by the control values R CONT and B CONT 
respectively, to make them corrected control values respec 
tively (S48, S53, S63). Thereafter, it returns. 
0117 To be more specific, a description about the afore 
mentioned Series of calculation processing will be Supple 
mented. 

0118 For example, in case of computing K red repre 
Senting the artificial light (fluorescent lamp) likeliness, it 
will be executed referring to the graph (three-dimensional 
graph) shown in FIG. 14. The visible light brightness is 
taken on the graph horizontal axis, the infrared brightness on 
the vertical axis similarly as FIG. 11 mentioned above, and 
the degree of artificial light Source likeliness (%) on the 
height axis respectively. 

0119). In FIG. 14, “... likeliness” by the ratio of visible 
light brightness and infrared light brightness based on FIG. 
11, the portion which is 100% in two area ranges of 
“fluorescent lamp likeliness” or “electric lamp likeliness” as 
artificial light Source likelineSS is represented by hatching. 
0120 Besides, in FIG. 15, Kred showing the type of 
light Source and furthermore how much it is likely to be an 
artificial light Source, in short, a criteria for computing three 
Kn's (n=1,2,3) is represented by a three-dimensional graph. 
The correction quantities B CONT and R CONT are taken 
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on the horizontal axis and the vertical axis of the graph 
respectively, and further, the degree of artificial light Source 
likeliness (%) is taken on the height axis. 
0121 Three cones at the right represent three types of 
fluorescent lamp, and a left upper cone represent a while 
color electric lamp. For instance, in case of a fluorescent 
lamp of the kind of daylight color type, the control value B 
CONT for the sake of correction is 90, R CONT is 110, and 
“fluorescent lamp likeliness” K1 is 60% corresponding to 
the cone height as illustrated. 
0.122 Here, thought the type of fluorescent lamp is rep 
resented into a cone, it may be hemispheric or "semicylin 
drical” (namely, high in the middle with Semicircular Sec 
tion) conforming to the characteristics of the light Source. 
0123 Like this, in the case where the light source is 
particularly a fluorescent lamp, following the flowchart of 
FIG. 13, first in the former sate of processing procedures 
(S40, S41), Kn (n=1, 2, 3) representing the likeliness of 
which type of fluorescent lamp is computed, correction 
quantities B CONT and R CONT are computed and there 
after, in the middle stage (S42 to S44), degree of white color 
fluorescent lamp (K1), degree of day white color type (K2) 
and daylight color type degree (K3) are computed respec 
tively for three types. 
0.124. Thereafter, in respective one of the latter stage of 
processing procedures (S45 to S47, S50 to S52, S60 to S62), 
correction limit coefficients Kr and Kb are computed, for 
each of these degree of white color fluorescent lamp, degree 
of day white color type and daylight color type degree. 
0125. At the last of the processing procedures (S48, S53, 
S63), the correction coefficient is determined, from a graph 
illustrated, for example, in FIG. 16A, to limit the correction 
quantity. 

0126) More in detail, in FIG. 16A and FIG. 16B, the 
daylight color type degree in case of daylight color type, and 
the correction limit at the time of computation are repre 
sented by graphs respectively. The curve graph of FIG. 16A 
teaches the relationship between the daylight color type 
degree and the correction limit coefficient. Coefficients Kr 
and Kb (27%) corresponding to the type degree thereof 
(daylight color type degree of 30%) are determined from the 
graph illustrated in FIG. 16A. And, as illustrated in FIG. 
16B, the correction value is limited multiplying B CONT, R 
CONT by this correction limit coefficient. 
0127. In short, according to the pie chart of FIG.16B, the 
degree of correction at the moment of object photographing 
to which this limit coefficient is applied would otherwise 
correct 100% if it were not for the limit. However, in this 
case, the correction is limited to 27% because there is a limit. 

0128. It should be appreciated that, other than the case of 
illustrated daylight color type, white fluorescent lamp or day 
white color type or the like can be processed by Similar 
procedures. 

0129. In such a modification, as the correction state is 
modified by the fluorescent lamp likeliness determined by 
the visible light and infrared light, a correction “Smoother 
(not extreme)" than the prior art becomes possible. Particu 
larly, in case of correcting the primary color Signal according 
to the kind of light Source, an excessive correction can be 
prevented by applying an optimal restriction (limit) under a 
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more precise determination. As a result, for example, dis 
coloration of background, or excessive correction of a main 
object in the direction of a complementary color can be 
prevented. 

0130 (Other Modifications) 
0131. In addition to this, various modifications can be 
realized without departing from the Subject matter of the 
present invention. For example, the type of light of the 
fluorescent lamp to be discriminated is not limited to the 
aforementioned three, but it can be modified for allowing to 
add easily incandescent light of the electric lamp, light of the 
three-wavelength type fluorescent lamp, or type of light 
SOCC. 

0132). Otherwise, the evening Sun other than artificial 
light Source can be corrected. Moreover, electric lamp or the 
like may be corrected with further more kinds. 
0.133 And, these variants allow to expect effects equal or 
Superior to the embodiment. 
0134) (Effects of Invention) 
0135). Hereinabove, the description has been made based 
on the embodiments, and according to the present invention, 
a camera capable of white balance correction that would 
correct color mixture of fluorescent lamp, by determining 
whether or not the light Source is an artificial light Source, by 
a method based on the visible light photometric value and 
the infrared light photometric value, independently of the 
color of an object. 
0.136 Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the Specific 
details and representative embodiments shown and 
described herein. Accordingly, various modifications may be 
made without departing from the Spirit or Scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 

What is claimed is: 
1. A camera capable of white balance correction compris 

ing: 
an image pickup optical System; 
an image Sensor for receiving light from an object through 

this image pickup optical System; 
a three-primary-color detection Section for detecting 

three-primary-color Signals based on the output of the 
image Sensor, 

a matrix processing Section for calculating two color 
difference Signals from the three-primary-color Signals, 

a Visible light brightness detection Section for detecting 
visible light brightness by the output from said three 
primary-color detection Section or by a photometric 
Section having as an automatic camera; 

an infrared light detection Section for detecting luminosity 
of infrared light; and 

an artificial light detection Section for calculating the ratio 
of artificial light and natural light from the output of 
Said visible light brightness detection Section and the 
output of Said infrared light detection Section, 
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wherein a correction range for performing the white 
balance correction is obtained based on the ratio of 
artificial light and natural light calculated by Said 
artificial light detection Section, and the white balance 
correction is performed when the two color difference 
Signals are within Said correction range. 

2. A camera capable of white balance correction according 
to claim 1, further comprising: 

a determining Section for determining the kind of artificial 
light Source from Said two color difference Signals, and 

a correspondence Section for calculating a correction limit 
value to make correspondence based on the determi 
nation result of the king of artificial light Source, 

wherein the quantity of white balance correction of Said 
two color difference Signals is limited by Said correc 
tion limit value. 

3. A camera capable of white balance correction according 
to claim 1, 

wherein Said infrared light detection Section can also be 
used as a remote control light detection Section for 
detecting a light emitted from a remote controller for 
remote-controlling the camera. 

4. A camera capable of white balance correction compris 
ing: 

an image pickup optical System; 

an image Sensor for receiving an object light through the 
image pickup optical System; 

an RGB detection section for detecting R, G, and B 
Signals corresponding to three primary colors from Said 
image Sensor, 

a matrix processing Section for calculating a brightness 
signal (Y) and color difference signals (R-Y, B-Y) from 
the R, G, and B signals, 

a visible light brightness detection Section for detecting 
visible light brightness by the output of said RGB 
detection Section or by a photometric Section comprised 
in a separate element; 

an infrared light detection Section for detecting infrared 
light; and 

an artificial light detection Section for calculating the ratio 
of artificial light and natural light from the output of 
Said visible light brightness detection Section and the 
output of Said infrared light detection Section, 

wherein a correction range for performing the white 
balance correction is obtained based on the ratio of 
artificial light and natural light, and the white balance 
correction is performed when the color difference Sig 
nals (R-Y, B-Y) are in Said correction range. 

5. A camera capable of white balance correction according 
to claim 4, 

wherein an RGB correction corresponding to the fluores 
cent lamp light is performed when the light Source is 
determined to be a fluorescent lamp based on a visible 
light photometric value and infrared photometric value. 
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6. A camera capable of white balance correction which is 
a digital camera or Video camera, comprising: 

an RGB detection section of primary colors R, G, and B; 

a visible light detection section by the output of said RGB 
detection Section or by a photometric Section of Sepa 
rate element; and 

an infrared light detection Section, 

wherein the degree of light of a fluorescent lamp is 
determined from visible and infrared lights, and the 
white balance correction of R, G, and B is performed, 
according to this degree of light of the fluorescent lamp. 

7. A camera capable of white balance correction according 
to claim 6, 

wherein the correction quantity is replaced according to 
the degree of fluorescence obtained from a membership 
function corresponding to the kind of the fluorescent 
lamp. 

8. A camera capable of white balance correction according 
to claim 6, 

wherein the infrared light is detected by an infrared 
detection Section for remote controller detection. 

9. A camera capable of white balance correction according 
to claim 4, 

wherein said detection of infrared light Serves also as 
detection mechanism for a remote controller. 

Mar. 27, 2003 

10. A camera capable of white balance correction com 
prising: 

an image pickup optical System; 
an image Sensor for receiving an object light through the 

image pickup optical System; 
a three-primary-color detection Section for detecting 

three-primary-color Signals based on the output of the 
image Sensor, 

a matrix processing Section for calculating two color 
difference Signals from the three-primary-color Signals, 

a visible light brightness detection Section for detecting 
visible light brightness by the output from said three 
primary-color detection Section or by a photometric 
Section having as an automatic camera; 

an infrared light detection Section for detecting the light 
neSS of infrared light; and 

an artificial light detection Section for calculating the ratio 
of artificial light and natural light from the output of 
Said visible light brightness detection Section and the 
output of Said infrared light detection Section, 

wherein a correction range for performing the white 
balance correction is obtained based on the ratio of 
artificial light and natural light calculated by Said 
artificial light detection Section, and the white balance 
correction is performed based on the white balance 
correction quantity. 


